Clinically it is useful to recognize two grades of retinopathy in diabetes mellitus, background and proliferative. Background retinopathy is manifested by focal closure of retinal capillaries, microaneurysms and associated punctate haemorrhages, serous exudates and, occasionally, cotton-wool spots secondary to acute ischaemia. Sometimes the macula is the site of oedema but, otherwise, the foregoing changes rarely cause serious visual handicap. Proliferative retinopathy is much more sinister since it involves the growth of new blood vessels in front of the retina where they are prone to bleed and, through concomitant fibroblastic activity, tear and detach the underlying retina.
Pathophysiologypreliminary stage
Several investigators have demonstrated that before there is any subjective or ophthalmoscopic evidence of retinal disease there is functional circulatory disturbance. Foremost is an apparent breakdown of the blood-retinal barrier (Cunha Vaz 1976 , Krupin et al. 1978 , Klemen et al. 1980 . Normally the circulating blood is separated from the extravascular compartment of the retina by tight encircling junctional complexes between contiguous endothelial cells in the case of the intraretinal vessels (inner blood-retinal barrier) and between cells of the retinal pigment epithelium (outer blood-retinal barrier). But in early diabetes the amount of fluorescein entering the vitreous after injection into the systemic circulation is increased. Whether this represents increased permeability of the retinal vessels as originally suggested by Cunha Vaz et al. (1975) or a fault in the pigment epithelium (Tso et al. 1980 ) is unresolved, although in support of the latter hypothesis is the description by Klein et al. (1980) of a similar increase in vitreal fluorescein in guinea-pigs with streptozotocininduced diabetes, since that species is essentially devoid of intraretinal blood vessels. Also there are reports of altered membrane permeability (Kirber et al. 1980 ) and morphological changes (Tso et al. 1980) in the pigment epithelium. Evidence to support the increased vascular permeability concept is the finding of penetration of the junctions by horse-radish peroxidase in alloxan-diabetic dogs (Wallow & Engerman 1977) . Caution is necessary, however, in interpreting these findings as irrefutable evidence of a defective blood-retinal barrier because it has not been ruled out that the fluorescent dye enters the vitreous from the aqueous fluid (Klein et al. 1980 ) as opposed to the retina. But, whatever the origin of leakage, the beneficial effect of normoglycaemia on the retinal lesions and intravitreal dye accumulation suggests that metabolic factors are of major pathogenetic importance.
The possible breakdown in the blood-retinal barrier is accompanied by arteriolar dilatation and an increase in retinal blood flow (Kohner 1975 ) which might constitute an autoregulatory response to tissue hypoxia and hyperglycaemia (Hill & Atherton 1979 intraretinal processes being of prime importance, but latterly the role of glycosylated haemoglobin has received some attention. Mirroring any elevation of blood glucose levels during erythropoiesis, levels of HbAlc may be increased by a factor of two or three and this, by interfering with the ability of the haemoglobin molecule to interact with 2, 3diphosphoglycerate, impairs the release of oxygen to the tissues. However, the contribution of raised glycosylated haemoglobin levels to the production of diabetic retinopathy remains to be demonstrated.
Background retinopathy
Background retinopathy entails the formation ofcapillary aneurysms, punctate haemorrhages, serous exudates, progressive closure of capillaries and, less often, cotton-wool spots. These disturbances are confined for the most part to the posterior part of the retina.
Microaneurysms: There are two anatomical types of microaneurysm. One type develops as a localized outpouching of the capillary wall, whilst the other is preceded by varicosity and kinking of the capillary. The mechanism underlying the formation of the former type of aneurysm continues to be conjectural, theories including focal weakness due to pericyte degeneration (Cogan et al. 1961) , weakness secondary to basement membrane changes (Pope 1960) , capillary obliteration to leave a residual stump (Yanoff 1969) , and abortive attempts at revascularization of areas of capillary closure (Yanoff 1969) . However, the evidence in support of these theories is entirely circumstantial and each has attracted serious objections (Garner 1970) . Haemodynamic factors secondary to increased blood flow compounded, perhaps, by increased viscosity are possibly of importance, since they are features of other vascular retinopathies in which microaneurysms figure, but the focal nature of the lesions is not explained.
The second type of microaneurysm appears to begin as limited hyperplasia causing both circumferential dilatation and longitudinal growth. Such elongation and widening predominates on the venous side of the retinal circulation and produces excessive tortuosity and kinking which, in some instances, appears to proceed to a loop-type of aneurysm (Ashton 1958) . It is also possible that similar capillary hypertrophy underlies the bizarre intraretinal microvascular anomalies seen in relation to areas of retinal ischaemia, where they may represent limited attempts at neovascularization (Archer 1976 
Underlying vascular changes
Arterioles: The retinal arterioles are subject hyalinization which, in other sites, is likely to represent the insidious insudation of plasma through abnormally permeable endothelial lining. This leakage may be enhanced by the increased transmural pressure gradient associated with the arteriolar dilatation characteristic of early diabetic retinopathy (Skovborg et al. 1969) . Occlusion of the terminal arterioles may be responsible for the areas of capillary closure seen as the retinopathy develops (Ashton 1953) . Precisely how the occlusion is brought about is not clear since the hyalinization is rarely of such degree as to completely obliterate the lumen. Possibly other factors such as increased blood viscosity and platelet abnormalities are also involved. Blood viscosity is increased in patients with diabetic microangiopathy, causative factors including raised levels of acute phase proteins such as fibrinogen and a 2 globulin (McMillan 1976) , and, possibly, reduced erythrocyte malleability attributable to the binding of excessive amounts of HbAlc to the cell membrane (Paulsen & Koury 1976 ). The role of increased viscosity is demonstrated by a report of florid retinopathy developing early in the course of the diabetic state after severe trauma involving haemoconcentration (Alexander et al. 1979) . Undue stickiness of the circulating platelets in diabetes has been described, with the greatest increase occurring in those with microangiopathy and retinopathy (Dobbie et al. 1973 ). On the other hand, Porta et al. (1980) failed to demonstrate any significant alteration in the platelet aggregation induced by adenosine diphosphate in vitro, but showed instead an unequivocal change in platelet shape as a result of such treatment which was most marked in those patients with proliferative retinopathy. To what extent increased coagulability is involved in the pathogenesis of arteriolar occlusion is unknown but, since platelet thrombi have not as yet been demonstrated in the diabetic retina, some workers are disinclined to attach much importance to such findings.
Capillaries. The retinal capillary bed in diabetes is subject to focal closure. Occlusion of the feeding arteriole may be the principal cause (Ashton 1953 ), but external compression by hypoxic and consequently swollen neuroglial tissue could also contribute to the downward spiral (Ashton 1963) . Another, less favoured, possibility is that the dilated arteriovenous shunt vessels seen early in the course of the retinopathy (Klemen et al. 1980 ) siphon blood away from adjacent narrower capillaries (Cogan & Kuwabara 1967) .
A hallmark of diabetic capillaropathy is basement membrane thickening, in which respect the retina is no exception (Bloodworth 1963 , Toussaint & Dustin 1963 . Insudative haematogenous constituents possibly contribute to the thickening (Ashton 1974) , and a demonstration that the basement membrane changes in streptozotocin-diabetic rats are preceded by increased endothelial cell permeability (Ishibashi et al. 1979 ) is suggestive of a causal relationship. However, a real increase in collagenous tissue is also probable. Vracko (1974) considered that the not infrequently laminated appearance of the thickened membrane could be caused by successive waves of endothelial cell degeneration and renewal, each new layer of endothelium secreting its own membrane. Whether the basement membrane changes have any appreciable effect on retinal function is not known although it may be significant that such thickening in the capillaries of skeletal muscle does not correlate with the development of retinopathy (Dunn et al. 1979) .
A further as yet unexplained capillary phenomenon in diabetic retinopathy is apparently selective pericyte degeneration (Cogan et al. 1961 ). In retinae examined by the proteolytic enzyme digest technique (Kuwabara & Cogan 1960) , it is usual to see capillaries with reduced numbers of pericytes in the presence of a normal complement of endothelial cells. Moreover, the nuclei of residual pericytes often exhibit loss of basophilia and present a characteristic eosinophilic degeneration (Ashton 1963) . Such change, neither the cause nor effect of which is known, is peculiar to the retinal circulation, even being absent from the closely similar brain capillaries (Addison et al. 1970) .
Venules: Mild venular dilatation, giving an increase in calibre of about 10% (Skovborg et al. 1969) , develops in some patients and is probably functional in the early stages since it is reversed by good control of the metabolic state (Larsen 1960 ). An earlier view that it is caused by venous stasis is difficult to sustain in the light of fluorescein angiographic studies showing increased blood flow in background retinopathy.
Proliferative retinopathy
With the progression of the arteriolar and capillary changes, there is an insidious increase in the extent of inadequate or failed perfusion of the retinal vascular bed such that the enhanced blood flow of background retinopathy slowly reverts. Eventually the overall blood flow may even drop below normal (Kohner & Dollery 1975 , Cunha Vaz 1978 , and it is at this stage that new capillaries begin to emerge from previously dilated and hyperplastic vessels on the venous side of the circulation. In general, the abnormal proliferation occurs in proximity to areas of nonperfusion. Although a limited degree of revascularization of the ischaemic areas has been described (Archer 1976) , the new vessels of consequence proliferate on the inner surface of the retina. At first they are located in the potential space between the inner limiting membrane of the retina and the condensation of collagen fibrils which constitutes the posterior face of the vitreous body. Related, it is surmised, to leakage from the new vessels, the gel structure of the vitreous body collapses such that the latter progressively detaches from the retina (Davis 1965 , Constable 1975 . It is also possible that the retinal ischaemia disposing to the neovascularization is responsible for the vitreous detachment (Kloti 1967) . The detached vitreous provides a scaffolding on which the new vessels can spread. Further detachment is prone to tear the delicate vessels and produce preretinal haemorrhage. The new vessels themselves, unlike the parent vessels, are fenestrated and have imcomplete tight interendothelial junctions (Taniguchi et al. 1973 , Wallow & Geldner 1980 , which probably accounts for their leakiness and tendency to bleed. Subsequently the preretinal vessels are invested by fibrous tissue with the formation of traction bands able to tear and detach the underlying retina. The harmful effect of the accompanying fibrosis is emphasized by the protective visual results achieved by surgical vitrectomy before this stage has developed significantly (Liang & Goldberg 1980) . Ultimately the new vessels regress but, whilst this presumably implies a loss of angiogenetic stimulation, the precise reason is not known.
Increasing attention is being devoted to the mechanism of proliferative retinopathy, with most workers concentrating on the virtually constant association with reduced perfusion of the underlying retina. Viable, but metabolically impoverished tissue, it has been hypothesized, liberates an angiogenic factor which, because of a capacity to diffuse into and accumulate in the vitreous space, stimulates endothelial proliferation on the retinal surface (Wise 1956 , Ashton 1957 ). Attempts to demonstrate such a factor, using either the chick chorioallantoic membrane (Glaser et al. 1980a) or cornea (Kissun & Garner 1977) as assay substrates, have revealed angiogenic activity in extracts of retina from normal neonate animals which is marginally increased by making the retina hypoxic (Kissun & Garner 1977) . Vitreous humour from neonate puppies in which the normal process of vascularization is still in an active phase also has angiogenic potential, whereas that from adult dogs does not (Chen & Chen 1980) . Similar activity has been described in the vitreous from human patients with proliferative retinopathy (Glaser et al. 1980b ). Conversely, the vitreous of normal adults is considered on the basis of studies in mature animals to contain an inhibitor of angiogenic activity (Brem et al. 1977 , Lutty et al. 1980 ).
Comments
Manifestly, much remains to be learned about the pathophysiology of diabetic retinopathy and much of the present attention is being directed, appropriately, to an understanding of the initial events, since these seem to be potentially reversible. Much depends on determining the extent to which permeability of the blood-retinal barrier increases as a primary event and the mechanisms involved therein. Information is also accruing of metabolically controlled events in the circulating blood and considerable effort is now being applied in an effort to put the various pieces of the jigsaw together.
